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ABSTRACT  rCartt;i:tie  cn  reverse  fti  ie  If  r.avesearv  mad  Identify  by  block  number) 

platelet  migration  inhibition  (PMI)  test  was  developed  for  detection  of 
serum  anti  platelet  activity  in  experimentally  and  naturally  induced  canine 
ehrlichiosis.  - Examination  by  scanning  electron  microscopy  (SEM)  of  plate- 
lets treated  with  normal  serum  and  serum  having  inhibitory  activity  revealed 
that  uninhibited  platelets  have  numerous  pseudopod  formations  whereas  inhibi 
ted  platelets  are  generally  rounded,  smooth,  and  occasionally  have  membrane 
damage  and  apparent  shrinkage  and  loss  of  intracellular  contents.  The 
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'^potential  of  the  brovjn  dog  tick  Rhi picephalus  sanguineus  as  a reservoir  of 
Ehrlichia  cam's  was  investigated.  sanguineus  adults  harbored  and 

efficiently  transmitted  cani s to  susceptible  dogs  for  as  long  as  155 
days  after  detachment  as  engorged  nymphs  from  a dog  experiencing  acute 
ehrlichiosis.  Two  modifications  of  the  original  tissue  culture  tecnnique 
for  the  propagation  of  E.  can  is  were  developed  to  study  the  effect  of  serum 
and  macrophages  from  infected  dogs  on  growth  and  development  of  E^.  cani s 
and  to  provide  continuous  production  of  large  quantities  of  cani s antigen.  ^ 
A combination  of  chemotherapy  and  serologic  monitoring  of  disease  was  fcuqd 
to  be  a useful  method  for  field  control  of  tropical  canine  pancytopenia. 
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I.  GHILPAL  IKE'0F:LM’I0?J 

From  its  inception  sane  6 ye.;irs  ago,  the  project  vias  problen’--oriented 
toiv’axd  acquiring  knowledge  needed  for  the  development  of  control  measures 
for  canine  ehrlichiosis  and  babesiosis.  The  project  was  conducted  as  a 
collaborative  venture  between  this  station  and  the  Division  of  Veterinary 
Medicine,  VJalter  Reed  Army  Institute  of  Research  and  its  overseas  activities 
in  Thailand  and  Malaysia.  These  collaborative  efforts  have  elucidated  many 
aspects  of  the  epidemiology,  pathogenesis,  and  immunology  of  canine  elirlichicsis . 
In  additic.n,  valuable  information  was  obtained  on  serodiagnosis  of  canine 
babesiosis  and  understanding  of  the  effect  of  dual  infections  with  Ehrlichia 
canis  and  Babesia  canis . 

Some  of  the  more  specific  accomplishments  in  ehrlichiosis  have  bean: 

(1)  Develcprent  of  a method  for  ^ vitro  cultivatio.n  of  the  causative  agant; 

(2)  develcpm.e.nt  of  a serologic  test  for  detection  of  ehrlichiosis  under  field 
conditicrs;  implamantation  of  the  test  has  helped  determine  the  incidence  and 
devise  control  measures  for  ehrlichiosis  in  certain  areas  overseas  and  in  the 
U.S.;  (3)  definition  of  ultrastructural  characteristics  and  miode  of  development 
of  E.  canis  in  the  vertebrate  hosts;  (I)  evidance  by  means  of  radioactive 
tracers  that  thrcmbcc^topenia  in  E.  can  is- infected  dogs  is  the  result  of  in- 
creased platelet  destruction  whiuh  begins  vithin  a few  days  after  infection; 

(5)  evidance  that  Ehrlichia  cqvi , the  causative  agent  of  equine  cirri ichiosis, 
causes  e:-:perLmant.iL  infections  in  dogs,  cats,  and  no.niruman  primates. 

II.  OBJECTIVES  OF  iniE  lAET  iTl\R  OF  S^IPPCiRl 

Ob'iecfive  1.  Investigation  into  Inmunologic  Basis  of  Fuily  rnrombccytcc-a-ia 
in  Tropical  Canine  Pancytopenia  (TCP) . 


i 

i 
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Pancytopenia,  paaticularty  tliiAxrbocyLopenia,  in  the  diai'actecintic  h-aiia-  j 

tolo/iic  -.Tanifestation  of  TCP.  An  earlier  study  of  this  group  usLng  radio-  j 

^ 1 

I 

active  tracers  has  shown  that  severe  reduction  in  platelet  population  is  due  j 

i 

to  increased  destruction  of  these  cells;  harever,  the  underlying  mechanism  | 

i 

was  not  determined.  It  is  well-established  that  sensitization  of  lymphocytes  ! 

in  an  animal  infected  with  intracellular  parasites  may  occur  within  2 to  3 

days  after  exposure  to  the  agent.  The  study  conducted  d'uring  the  past  year 

of  support  has  examined  the  immunologic  basis  of  panc^diopenia  in  TCP.  Tnis 

first  report  demonstrates  the  existence  of  monocytotoxic  effect  exerted  by 

lymphocytes  from  a dog  infected  with  E.  canis . To  avoid  histoco::;pat:Lbility 

effects,  the  study  was  conducted  in  an  autologous  system  with  lyr.phocytes 

(effector  cells)  and  monocytes  (target  cells)  being  derived  from  the  same 

animal. 

Monocytes  were  prepared  aid  cultured  according  to  the  method  previously 
described  in  this  laboratory.^  The  cells  were  cultivated  for  7 to  10  days 
prior  to  use.  Optimal  conditions  for  labeling  monocytes  with  "^^00  v;src 
j , established.  Monocytes  (20  - 30  x 10^)  were  incubated  vjith  200  uCi  of  ^'Cr 

■ in  RPi-lI  medium  at  37°  C for  1 hour.  The  cells  were  viashcd  3 tbt.es  to  lerrove 

excess  label. 

Autologous  iVmphocytes  were  sepc'iratcd  on  Ficoll-Mypaque  gradient.  The 
optimal  effector  coll- target  cell  ratio  was  rlotirmin'^d  by  studyin.g  tlie  effect 
of  varying  the  concentration  of  lymphocytes  relative  to  nonocytos.  In  is  ratio 
was  found  to  be  100  lymjihocytcs  to  1 monocyte  and  war;  list'd  I lu\.ur;i  . r 

'iiyinio,  M.  B.  A.,  Ri..sf  ic,  !..,  Huxso'l  L,  B.  1,.,  and  Sm.Lih,  A.  1'.:  "'■’ope  c 

Cimine  Pancytopenia:  .in  v,idaai  Cultivation  of  the  Ciiusative.  Agci.t-u:rrd  Ir'',.'  ; 

c.mis.  Am  J Vet  Roc,  32  TlOVO:  1 Oil -IGbP . 
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the  cytotoxicity  test.  Triplicate  cultures  of  labeled  n-onocytes  and  iynpho- 
cytes  at  optiiaal  ratios  were  incubated  at  37°  C for  18  huui's.  /ifter  centri- 
fugation the  radioactivity  in  the  supernatant  fluid  was  counted  and  expressed 

as  a percentage  of  the  expected  total  release.  Thus,  % specific  cytoto:<icity 

/51^  T 51cr  released  by  test — soontuneous  release 

C^-^Cr  release)  - 100  x = 


The  effect 


total  release — spontaneous  release 
of  immune  serum  was  studied  by  adding  varying  dilutions  of  anti-E.  cards  serum 


to  optimal  monocyte- lymphocyte  mixtures. 

Table  1 summarizes  the  results  on  release  of  ^^Cr  from  monocytes  follcw- 
ing  interaction  with  lymphocytes  from  dogs  with  TCP.  The  base  line  at  0 day 
v;as  5.5%  ^^Cr  release.  Folla-jing  infection  with  E.  cards , lymphocytes  became 
cytotoxic  to  autologous  menocytes.  The  earliesx  day  of  testLng  v;as  day  10 
after  infection  which  coincided  with  maximal  cytotoxicity  by  lymphocytes  of 
dog  2135.  Dog  2136  shewed  the  highest  cytotoxieixy  at  day  15,  and  dog  7 at 
day  31  after  irfection.  Figure  1 shews  the  kinetics  of  the  monocytotoxic 
response  in  dogs  2135  and  2135.  The  effect  of  various  concentrations  of  anti- 
etirlichia  a.nxibodies  on  mionocytotoxicity  of  lymphocytes  from  dogs  with  TCP 
was  examined.  There  was  no  significanx  effect  of  these  antibodies  (with  or 
without  ccm.plam.ent)  on  m.onocytotoxicity  (Table  2).  Tne  degree  of  monocyto- 
toxicity/ was  directly  proportional  to  the  co.ncentration  of  lymphoc^/tes  relative 
to  monocytes  indicating  that  itmune  lymphocytes  were  effectors  of  cytotoxicity 
(Table  3). 

The  mono cytotoxic  effect  had  an  apparant  tcnporal  relationship  vith  the 
thrombocytopenia  in  that  the  mon'oeytox ic  etfect  closely  paralleled  the  di'op 
in  tlxrombocyte  count  (Fig.  2,  Table  4).  As  throrrbocyt'’  levels  ret'umed  to 
normal,  cytotoxicity  decreasefi 


1 


! 
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It  was  concluded  that  dogs  wiUi  acute  TCP  shcued  iyrr.phocyte-mediated  tnono- 

cytotoxicity  within  an  autologous  system.  This  monoc>d:otoxic  effect  subsided 

with  clinical  remission  of  TCP.  Cytctoxicity  appears  to  be  antibody  and  corn- 

pleir.ent  independent  and  proportional  to  monocyte- lymphocyte  ratio. 

Objective  2.  Immune  Responses  in  Horses  and  Dogs  Folla-jing  Infections  with 
i 

Ehrlichia  equi  and  Ehrlichia  canis,  respectively . 

A . Mea3ur&me.nt  of  humoral  and  cell-miediated  immune  responses  in  ponies 
infected  with  Sirlichla  equi. 

Tne  imm.une  response  of  6 ponies  to  experimental  infection  with 
Ehrlichia  equi  was  studied  with  respect  to  cellular  and  humoral  activity. 
Primary  inoculation  of  ponies  v/ith  blood  derived  from  acutely  infected 
ponies  produced  clinical  ehrlichiosis  betwee.n  5 and  8 days.  Inoculation 
v;ith  ccnvalescent  bl^ood  or  crga.n  hcmogenates  of  ponies  recovered  from 
the  acute  disease  failed  to  induce  disease  (Figs.  3,  4).  Only  po.nies 
. , shelving  signs  of  ehrlichiosis  upon  primary  inoculation  with  E.  equi 
deva_oped  high  and  long- lasting  indirect  fluorescent  antibody  (IFA)  titers 
and  cell-mediated  (G-H)  rsspon.ses  as  meas’ured  by  the  peripheral  blood 
leaccr/ce  migration  (L'!I)  test.  Cell- mediated  immune  responses  fell  to 
a base  line  (pre inoculation)  level  by  approximately  day  150.  The  IFA 
titers  v/ere >u3ualiy  high  in  the  early  periods  of  observation.  Cnallenge 
inoculation  of  po.nies  which  recovered  from  clinical  disease  and  their 
treatm.e.nt  with  tetracycline  failed  to  induce  clinical  ehrlichiosis.  Tiris 
study  suggests  that  foilaw.ing  clinical  elirlichiosis , ponies  become  pro- 
tected to  ci'iollenge  inoculation  by  a stats  of  sterile  iir.unity. 

E . Measurement  of  hirtorel  <und  cell-mediated  imri’una  res'X'.ns --s  in.  dogs  iuec- 
ted  with  LhrJid’.ia  c.mis. 
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IVeive  Gertnan  shepherds  and  5 beagles  of  both  sexes  wer'e  experimen- 
tally infected  with  Ehrliciiia  canis  and  thair  cell-media!:ed  and  himoral 
inimne  responses  to  this  organism  were  studied  during  an  obser'/ation 
period  of  120  days.  It  was  found  that  58.33%  of  the  German  shepherds  had 
positive  Lfll  test  results  using  blood  leukocytes  while  80%  of  beagles 
became  positive.  Five  out  of  the  12  German  shepherds  developed  severe 
chronic  TCP  and  had  lower  CMI  responses  than  dogs  vjith  the  nonsevere 
disease  (Table  5).  Both  breeds  of  dogs  developed  high  IFA  titers  to  E. 
canis . Treatment  of  Lnfected  dogs  with  antil'^mphocyte  serum  (AL3)  did 
not  res'ult  in  detectable  harmful  or  beneficial  effects  (Figs.  5,  6,  7) 
in  eim.her  breed  of  dog  in  the  course  of  infection.  Hewever,  some  transi- 
tory fluctuation  of  platelet  coants  was  noted  following  treatment.  Tne 
beagle  and  some  German  shepherds  mounted  a strong  Cill  response  against 
E.  ca-.is . It  is  suggested  that  this  cellular  response  conti‘'ibutes  to 
■ protection  against  severe  chro.nic  TCP.  Data  did  not  suggest  that  E.  canis 
infection  induces  a state  of  immunosuppression  to  other  antigens,  i.e., 
2,^-DLnitrocriLorobanzane  (DNC3)  and  Old  TaberculLn  (OT).  A specific 
fraction  v;as  exnrracted  by  colamn  criromatography  from  m.edia  in  which 
sansitited  lymphocytes  were  activated  by  antigen  and  its  ability  to 
inhibit  le'l<bc;/ta  mi.graticn  was  demonstrated  (~ig.  8). 

Ob i-e stive  3.  Fiost-Peiras ite-Vector  Relationship  Ln  Enrlichiosis  av.l  Babesiosis. 

A.  Development  of  E.  canis  .in  the  tick  FniDiceDh-:Llus  sc!g.iineu5. 

Certain  aspects  of  the  development  of  Dirlichia  canis  in  Pliipicephalus 
sangjineus  CicJ-is  were  studied.  It  w.as  found  that  prior  feedLng  of  E.  canis- 
irfected  nymphs  was  a desir.ibie,  if  not  necess-ir;.',  rrelimantiry'  treatment 
for  successful  infection  of  dogs  with  macerated  ticks.  Jt  romaLns 
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unclear  whether  tick  feeding  increased  the  nuirher  or  altered  the 
virulence  of  elirlidiiae  within  tick  tissues.  The  phenomenon  may  be 
similar  to  rickettsial  "reactivation"  whereby  feeding  by  carrier  ticks 
stimulates  the  transformation  of  avirulent  R.  rickettsii  organisms  iiito 
virulent  forms. 

Harlichia  canis  organisms  were  detected  by  imnianof luorescent  micros- 
copy in  the  midgut  and  homocytes  and  by  electron  microscopy  in  the  midgut 
and  salivary  glands  (Figs.  9,  10,  11,  12)  of  partially  engor-ged  ad'ult 
tides  which  had  been  infected  as  larvae  and  nymphs.  Organisms  were  not 
ebser/ed  in  the  ovary.  Intracytoplaamic  inclusions  contained  1 to  80 
elamentary  bodies,  each  surr\3>.nded  by  2 distinct  nenibranes.  Infection 
of  the  midgut  and  salivary  gland  was  copuirmed  by  injectir.g  homogenates 
of  these  tissues  Lnto  susceptible  dogs  (Fig.  13).  Staining  of  gut  smears 
of  rartially  engorged  adult  ticks  by  flucrescean-conjugated  onti-E.  cants 
■'  antiboty  was  found  to  be  a reliable  indicator  of  the  infection. 

Symbiotic  rideettsiaa  (Figst  lU,  15)  morphologically  distinct  frem 
elnrlidnia  were  found  in  tick  ovaries.  Data  derived  in  the  present  study 
supmtrt  earlier  findings  that  transovarial  tide  transmission  does  not 
ccc'tr  -in  E.  canis . In  epidemiological  terms,  thi.s  rnieans  that  carrier 
dogs  ramain'ths  principal  source  of  E.  canis  in  nadire.  flowever,  recant 
studios  in  oirr  laboratory  d^emonstrated  tick  transmission  fivm  acutely 
infected  dogs  only. 

B.  Concurrent  infections  with  E.  canis  a.nd  B.  canis. 

It  was  found  that  concurrent  ir.fections  of  E.  canis  and  B.  amis 


'//ere  marked  by  more  severe  signs  than  those  observed  ir  dogs  iifected 
v;ith  eadn  agant  riione. 
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Objective  Control  of  Canine  Du-lidiiosis  -und  Bdjcsionio  in  llia-Lland, 
Mdlaynid,  aivJ  the  U.S.,  and  Public  Health  Relevance  of  These  Diseases. 

Collaborative  research  studies  conducted  by  perfonning  indirect 
fluorescent  antibody  tests  for  canine  ehrlichiosis  and  babesiosis  contributed 
to  the  epide.'Tiiology  and  control  of  outbrea.ks  of  these  diseases.  U.S.  /■rrny 
units  involved  in  collaborative  efforts  are? 

1.  Medical  Component  SHYTO  Laboratory,  Bangkok,  Tliailand,  c/o  LTC  David  E. 
Davidson,  Jr. 

In  an  epizootic  of  canine  ehrlichiosis  among  316  luilitary  dogs 
(Paccheng  area),  161  serologically  positive  cases  were  identified. 
Firty-ic'ur  of  these  dogs  exhibited  clinical  signs  of  the  disease.  Other 
serologic  studies  of  ehrlichiosis  arong  pet  dogs  in  vldely  separated 
regions  cf  Thailand  suggest  that  the  disease  is  endemic  in 
The  eoizootic  is  being  controlled  by  the  elitiination  of  ticks,  serologic 
icettification  and  treatrr.ent  of  carriers  with  30  mg  tetracycline  per 
poetd  body  weight  per  day  for  14  days,  a.nd  by  co.ntinuous  daily  prophy- 
lactic airlnistration  of  3 mg  tetracycline  per  pound  body  weight  per  day. 
Imolem.er.tat ion  of  control  mieasures  caused  serologic  remission  in  tr.7o- 
thirds  of  the  cases  curing  the  past  year. 

Other  studies  Ln  Thailand  conceiTi.ed  serologic  e.xaminaticn  of  more 
than  1D9  German  s;'.oph.;rd  dogs  belonging  to  tlie  U.S.  Air  Force  unit 
stationed  at  Udorn  base.  Tlris  runit  was  in  the  process  of  relocation  to 
0’-dnav;a  aerd  it  w.ts  nandatory  that  diseased  dogs  not  be  mi.-ived  to  a new 
location.  Initial  exrimLnation  reve,LLcd  15  positive  dogs  an  1 additional 
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tests  tire  ander  way. 
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2.  Modical  Research  LiniC,  Kuala  L;if:ip'.a',  r'alaysia,  o/o  LTC  David  L. 

Malaysian  Array  dog  vjing  - Pialada,  Johore,  M-ad  aya ia , other  ralitary 
installations,  and  civilian  dogs  have  been  screened  for’  >dirlichia  and 
babesia  antibodies.  Among  130  dogs,  23  babesia  and  2 ciirlichia  reactors 
were  detected.  Anemia  noticed  in  these  dogs  v/as  apparently  due  to  babesio- 
sis. Another  112  samples  of  Thai  military  and  police  dogs  received  by 
way  of  Malaysia  revealed  26  ehrlichia  reactors.  Epidemiologic  studies 
aimed  at  establishing  the  incidence  of  ehrlichiosis  and  babesiosis  in 
ILaLaysia  is  being  continued. 

During  xhe  last  decade,  babesiosis  has  been  recognized  to  iiffect 
human  beings  and  cause  severe  disease  and  fatality.  Ihus  far,  14  cases 
of  the  disease  have  been  reported.  A number  of  cases  of  nonspecific 
fever  among  military  and  civilian  personnel  have  also  been  reported  in 
Malaysia  by  LTC  H-Jxsoll.  Examination  for  babesia  antibodies  of  213 
human  sera  frem  that  country  revealed  15  positive  samples.  Tlaese  sera 
originated  from  padi  planters,  a matemal-cord  blood  st?udy,  P.U.O. 

Gcmba<  Hospital,  and  the  Bukit  Lanjang  area.  Future  plans  of  this  program 
are  to  attempt  to  isolate  babesia  irom  the  blood  of  serologically  positive 
patients  using  animals  such  as  hamsters  and  dogs. 

3.  Divisicn  of  ','hterinary  Medicine,  V-TvMR,  c/o  LTC  Edward  fi.  Stephenson. 

LTC  Steohenson  has  S'er'/ed  as  a coordinator  of  the  abova-desex-ibed 
ovex’seas  orograms  as  well  as  the  princip.al  i'.vestigatcr  of  epidemiologic 
and  serodiarpxootic  studies  of  canine  bloi>d  disease  amc.ni  military  andi 
civiliai  dogs  In  the  U.5.  Hie  la.^gest  study  conducted  in  the  U.S.  during 
the  [vast  year  concerned  an  outbreaJe  of  ciirlidiiosis  limong  dogs  in  Pheanix, 

Arizona.  Tn  a p^opulation  of  514  dogs,  114  were  ocrologically  positive 
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for  elirliciiiosis . More  thcin  2 dozui  of  these  dogs  were  ri'c.ited  i.n  li 
PhoenLx  oniiaal  hospital  for  varying  degrees  of  epistioxis  and  ocher 
clinical  signs  of  exirlichiosis . 

A military  dog  buying  team  from  Lac3<land  Ai’3  purchased  54  dogs  from 
tlie  Phoenix  area  for  military  use  and  shipment  to  Kadina  AFB,  Okinawa. 
Serologic  examination  of  124  dogs  from  Lackland  revealed  21  positive; 

11  of  these  reactors  were  among  dogs  purchased  from  the  Phoenix  area. 

The  study  of  canine  ehrlichiosis  epizootic  in  the  Phoenix  area  and  its 
relevance  to  the  purchase  of  military  dogs  is  being  continued. 

Division  of  Experimental  Pathology,  c/o  ETC  Paul  K.  fiildebrandt . 

Autopsies  for  histopathologic  and  electron  microscopic  examination 
of  tissue  lesions  in  horses  infected  with  Ehrlichia  equi  were  performed 
at  this  station  by  researchers  from  the  Division  of  Experimental  Pathology 
at  V/RAIR.  Examination  of  these  tissues  is  now  in  progress. 

Additional  cases  of  canine  ehrlichiosis  were  identified  serologically 
in  the  follOTing  states;  Arizona,  S;  California,  1;  Florida,  5;  Georgia, 

10;  Illinois,  3;  Maine,  1:  Massachusetts,  2;  Ohio,  2;  Texas,  5,  and 
VirgLmia,  1. 

III.  co:.'CLii3ic:;3 

Investigation  into  tire  immunopathologic  bcrsis  of  early  pancytopania  in  TCP 
revealed  that  activated  lymphocytes  from  an  infected  anim.a].  e;;ert  a c^drotcxic 
effect  on  autologous  monocytes.  ITie  underlying  mechanism  could  be  an  E.  canis- 
relatcd  membrane  alteration  of  infected  and  noninfectel  monovm,'tcs.  Cytotoxicity 
appears  to  be  cintibody  and  complement  independ-ent . Stu.iies  :n  pr.-.---;S5  concern 
investigation  of  the  {xsssible  existence  of  a similar  immunopauho logic  mechanism 
affecting  blood  [xlatelots,  tlie  destnicticn  of  ivhich  seems 


t.n  cons ti tut’  the 
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' rr.ost  pronounced  pa tho- physiologic  lesion  in  this  disease. 

Cell-mediated  immunity  was  demonstrated  in  horses  and  dogs  infected  with 
E.  equi  and  E.  conis , respectively.  A recovery  from  the  acute  phase  of  in- 
fection in  horses  is  followed  by  sterile  protective  immunity,  v;hile  in  dogs 
this  immunity  depends  upon  persistence  of  the  organism  in  "carrier  dogs." 

Study  of  the  development  of  E.  canis  in  Rhipicephalus  sanguineus  ticks 
revealed  the  presence  of  the  organism  in  the  midgut  and  hemocytes  by  immuno- 
fluorescence microscopy  and  in  the  midgut  and  salivary  glands  by  electron 
microscopy.  It  was  foand  that  prior  feeding  of  E.  canis-inf acted  nym.phs  was 
necessary  for  successful  infection  of  dogs  with  macerated  ticks.  The  pheno- 
menon resembles  the  "reactivation"  principle  w’hereby  feeding  by  carrier  tides 
stimulates  the  transformation  of  avirulent  R.  rickettsii  into  virulent  forms . 
The  organism  vjas  not  detected  in  the  ovaries  of  infected  ticks  ruling  out 
transovariai  tick  infections  and  suggesting  that  carrier  dogs  remain  the 
principal  so^urca  of  E.  canis  in  nature. 

Collaborative  research  studies  '.vith  the  U.S.  Army  Medical  Research  Unit 
at  the  '.•/R.AIR,  Tnailan.d,  and  Malaysia  have  resulted  in  the  development  of 
effective  means  for  recognition  and  control  of  canine  dirlichiosis  and 
babesiosis  epizootics  iri  the  U.S.  and  abroad. 
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Table  1.  Release  ^^*Cr  from  monocytes  following  interaction  with  lympho- 
cytes from  dogs  with  TCP  within  autologous  system. 


Days  Post  Infection 

Dog.  No 

Test  System 

Acute 

Phase 

Chronic  Phase 

0 

10 

15 

31 

40 

45 

53 

2135 

Lymphocytes  alone 

5.5 

* 75.0 

46.0 

33.5 

25.3 

22.0 

12.1 

Lymphocytes  & heat- 
inactivated  immune 
serum 

0 

80.0 

42.5 

50.0 

40 

22.0 

35.0 

Lymphocytes  & fresh 
inmune  serum 
(complement) 

3.5 

76.5 

43.0 

48.5 

33.0 

35.0 

36.4 

2136 

Lymphocytes  alone 

0.5 

45.6 

81 .5 

64.0 

53.0 

36.0 

40.0 

Ly.mphocytes  i heat- 
inactivated  immune 

serum  1.0  44.0  78.0  75.0  55.0  34.5  41.6 


Lymphocytes  & fresh 
immune  serum 


(complement) 

2.0 

48.0 

79.5 

80.0 

49.6 

40.0 

42.0 

7 

Lymphocytes  alone 

0 

66.0 

55.0 

77.0 

31.5 

30.0 

45.5 

Lymphocytes  S heat 
inactivated  immune 
serum 

0 

49.0 

54.5 

78.0 

36.0 

29.5 

41  .0 

Lymphocytes  & fresh 
immune  serum 
(complement) 

0 

62.0 

52.0 

64.5 

36.0 

29.0 

50.0 

*Percent  ^^Cr  release  average  of  3 samples. 
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Table  2.  Effect  of  serum  dilution  on  release  of  Cr  from  monocytes  upon 
interaction  vjith  immune  "acute  phase"  lymphocytes  viithin  autologous  system. 


Dog  2135 

Serum 

Di  1 ution 

Source  of  Serum 

1.5 

1 :20 

1:40 

1:200 

1:800 

Autologous 

68.0* 

64.5 

70.0 

69.3 

69.0 

Isologous 

74.0 

71.3 

67.0 

73.0 

68.6 

fJo  serum 

72.5 

69.6 

69.0 

70.0 

71  .0 

*Percent  ^^Cr  release  average  of  3 samples. 
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Table  3.  Effect  of  target  cell 
measured  by  ^^Cr  release. 

- effector  cell 

ratio  on  cytotoxicity 

Ratio 

Monocyte  - Lymphocyte 

(target  cell)  (Effector  cell) 

2136 

Dog  No. 

2135 

1:1 

9.5* 

12.0 

1 :10 

10.0 

7.0 

1:20 

16.8 

19.5 

1 :40 

30.0 

26.0 

1:60 

55.0 

45.5 

1:60 

78.0 

65.0 

1:100 

80.5 

75.0 

1:200 

80.0 

77.5 

^Percent  release. 


DAYS  POST  INFECTION 


TEMPORAL  RELATIONStllP  BETWEEN  CYTOIOXICITY 


Table  4.  Temporal  relationship  between  results  of  monocyte  cytotoxicity 
test  and  thrombocyte  counts. 


Dog  No. 

2136  2135 


Days  Post- 
Infection 

Percent  ^*Cr 
Release 

Platelet 

Counts 

Percent  ^^Cr 
Rel ease 

Platelet 

Counts 

0 

.5 

359,000 

5.5 

400,000 

10 

45.6 

135,000 

75.0 

260,000 

15 

81.5 

72,000 

46.0 

29,000 

31 

64.0 

47,000 

33.5 

23,000 

40 

53.0 

29,000 

25.3 

260,000 

45 

36.0 

33,000 

22.0 

300,000 

53 

40.0 

250,000 

12.1 

296,000 
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MiG.  = MIGRATION  INHIBITION 


FIG.  3.  Pony  31  inoculated  v/ith  blood  from  a pony  acutely  infected 
v/ith  Fhrl i chia  equi  . The  same  pony  was  treated  with  tetracvcl i ne  and 
then  reinoculated  with  E^.  equi . ilote  the  development  of  cell  mediated 
immune  (Clil)  response  by  the  3rd  week  and  reapoeararce  of  the  same 
response  after  challenge  with  IE.  equi . 


Figure  'F 


FIG.  4.  Effect  of  inoculation  of  pony  Ilo.  51  vnth  blood  derived  frcn  a 
pony  convalescing  from  EhrJj^chia  equ_i_  infection.  This  inoculation 
produced  fever  and  mild  thrombocytopenia . Reinoculation  of  the  same 
pony  v/ith  blood  derived  from  a pony  with  acute  ehrlichiosis  produced  a 
high  fever  and  marked  thrombocytopenia . 


Table  5.  Results  of  the  leukocyte  migration  inhibition  (LMI)  test  in  German 


shepherd  dogs  infected  v;ith  Ehrlichia  canis. 


Dog  No 

Clinical 

Maximum 

Day  After 

Disease 

% LMI 

Infection 

115 

Nonsevere 

75.0 

51 

117 

Nonsevere 

56.60  . 

53 

118 

Severe 

31.60 

52 

120 

Nonsevere 

31  .10 

21 

123 

Nonsevere 

25.0 

54 

56 

Severe 

26.0 

79 

59 

Nonsevere 

76.0 

26 

Mean  % 

LMI  for  nonsevere  - 

52. 7T. 

Mean  % 

LMI  for  severe 

28.3,0. 

FIG.  5.  Leukocyte  migratioM  inhibition  test,  indirect  fluorescent  antibody  (IFA)  titer,  and 
tiirombocyte  counts  for  German  sltepherd  docj  No.  123  that  had  nonsevere  chronic  TCP.  The  effect 
of  treatment  v;itii  anti  lymphocyte  serum  (AL5)  is  shown.  Note  tlie  presence  of  a transitory 
tlirombocy topenia  tol  lowing  ALS  treatment.  Note  also  that  the  tiirombocyte  counts  for  this  dog 
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ALS  = Ai\’7l  LYMPHOCYTIC  SHRUiM 
MIG.  INHIB.  = MIGRATION  INHIBITION 


FIG.  6.  Leukocyte  nigration  inhibition  test,  indirect  fluorescent 
antibody  (IFA)  titer,  and  thrombocy te  counts  for  Gerran  shepherd  dog 
ilo.  118  that  had  severe  chronic  TCP.  The  effect  of  treatnent  v/ith 
anti lynphocyte  serum  (ALS)  is  shown,  ilote  that  the  thrombocyte 
counts  for  the  dog  were  below  5U,000/cmm  60  days  post  infection  and 
that  it  was  not  influenced  by  treatment  witn  ALS. 
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ALS  = ANTILYWPHOCYTE  SERUM 
MIG.  1NH13.  = MIGRATION  INHIBITION 


FIG.  7.  Leukocyte  migration  inhibition  test,  indirect  fluorescent 
antibody  (IFA)  titer,  and  thrombocyte  counts  for  beagle  dog  ilo.  477 
inoculated  vfith  Ehrlichia  canis . Treatment  v/itli  anti  lymphocyte  serum 
(ALS)  produced  a transitory  thrombocytopenia,  interrupted  by  a transitory 
thromoocytosis . 


Figur<!  8 


FIG.  3.  Partial  characteri zati on  of  migration  inhibition  factor  (MIF) 
from  4 Ehrl ichi a canis-infectod  beaglo  dogs  throogh  sephadex  G-100. 
Migration  inhibition  factor  was  eluted  at  about  the  same  level  as 
bovine  serum  albumin  (3SA). 
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